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QUANTITATIVE ESTIMATES OF CHANGES IN SPLENIC SIZE DURING LIFEt
Investigations of splenic size have been hampered in part by a lack of suit-
able methodologies. During the past several years, radiographic and radio-
isotopic procedures have begun to provide techniques for studying the size
of the spleen in vivo. When data gathered by these procedures are com-
bined with the results of in vitro studies, an improved (albeit still in-
complete) picture of splenic growth and involution begins to emerge. In the
present communication we have combined some of the recent studies in
this laboratory with data from other reports, in order to present a broad
view of the topic.
NORMAL GROWTH OF THE SPLEEN
Huxley' noted that two parts of the body may increase in weight so that
there is a linear relationship between their specific growth rates. Letting S
represent the spleen, B the body, and c and q constants, we have:
dS dB
S.dt B.dt(
Integration of the equation produces the logarithmic form:
log S = log c + q log B (2)
This is also referred to as the power law, or allometric relationship.
S = cB1 (3)
Stahl2 has pointed out that this type of equation describes not only the
growth of many organs, but also the relationship of an organ's weight in the
adult primate (or other mammal) to the body weight. Stahl gave the
following as average values for the allometric constants describing the
Allometric Allometric Correlation
exponent(q) coefiicient(c) coefficient
Mammals 1.02 2.2 X 10-3 0.98
Primates 0.85 4.2 X 10-3 0.93
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spleen (the allometric coefficient is recalculated here to permit weights to
be expressed in grams).
The allometric equation provides an adequate approximation to normal
splenic growth in small mammals (Fig. 1). Data on spleen size in man
are more limited, but again an allometric plot provides a close fit to the
data (Fig. 2).
Because of the reasonable description of splenic size in mammals, an
allometric plot was tried for other animal classes (Table 1). The few
data points for splenic size in birds, fishes, and reptiles, are adequately
represented by allometric expressions (correlation coefficients of 0.96, 0.78,
0.94).
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FIG. 1. An allometric plot of spleen weight as a function of body weight in the
rat, utilizing the data of Donaldson (1924).' The excellent fit may in part be due to
the fact that each point is the mean weight of many animals.
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FIG. 2. An allometric plot of spleen weight as a function of body weight in the
human male, utilizing values given by Spector.'
TABLE 1. CALCULATED VALUES OF C AND q FOR THE ALLOMETRIC EQUATION
log S = log c + q log B (DETERMINED BY THE METHOD OF LEAST SQUARES),
WHERE S IS SPLEEN WEIGHT AND B IS BoDy WEIGHT.*
No. of Correlation
Species datapoints c q coefficient
Human (male) 25 3.5 x 10- 0.97 0.97
Birds (7 species) 10 1.7 X 10- 0.90 0.96
Fishes (9 species) 11 2.1 X 10- 1.05 0.78
Reptiles (8 species) 10 4.5 x 10- 0.88 0.94
* The data points were from tables given by Spector.'
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ABNORMAL SPLENIC GROWTH
While it is recognized that a number of different mechanisms can produce
growth disorders in animals, relative effects on the size of each organ have
not been well quantitated. Simply expressing the weight of the organ as
a fraction of body weight at one point in time may obscure a change in
growth characteristics. To illustrate this, values have been calculated for
normal mice and their litter mates who had estrogen-induced wasting
(utilizing the organ weights reported by Reilly and co-workers'). It can be
seen in Table 2 that not only the allometric exponent, but the coefficient
as well, was altered in the estrogen-treated mice; that is, the growth curve
differed from the controls.
TABLE 2. CALCULATED VALUES OF THE ALLOMETRIC COEFFICIENT
(C) AND EXPONENT (q) FOR MICE.*
Control mice Estradiol-treated
c q c q
Spleen 3.87 x 10-- 1.24 7.19 x 10-3 0.87
Liver 3.6 X 10-2 1.26 1.05 X 10-1 0.82
Thymus 1.02 x 10 0.68 1.4 x 10 1.34
* Values were determined from the data of Reilly and co-workers' for mice at three
and five weeks of age.
A parameter of possible importance in defining the differential effects
of disease on organ growth may be the excess (or deficit) of the organ's
weight over that predicted by the allometric equation, for normal growth,
using the actual body weight. In other words, at a given body weight there
should be a defined organ weight, and we wish to determine any "weight
excess" (E) over this prediction.'
E = f -cBq (4)
Here "f" is the weight of the organ found, and the second term on the
right is the allometric prediction of the organ's weight based on the body
weight actually present. Calculations based on equation (4) have been
carried out on the estrogen-treated mice at three and five weeks of age.
Results are given in Table 3. The values obtained dramatically point out
the differential effects of runting on body organs. Weight of the thymus
was markedly inhibited (a negative weight excess) in estrogen-treated
mice, while there was little effect on the spleen, and the liver weighed more
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TABLE 3. WEIGHT ExcEss IN GRAMS, AS DEFINED BY EQUATION (4),
FOR MICE TREATED WITH ESTROGENS.w
Organ weight excess in
estrogen-treated mice
Threeweeks Fiveweeks
Spleen +0.002 -0.004
Liver +0.122 +0.100
Thymus -0.017 -0.019
* A minus sign indicates that the weight of the organ is less than predicted on the
basis of the body weight by use of the allometric equation for normal growth.
than predicted on the basis of the allometric equation (a positive weight
excess).
The essential point is that analysis of growth, more sophisticated than
weight ratios, must be carried out on animals with growth disorders. Each
such analysis may provide additional insight as to the complex inter-
relationships between growing organs. We have also analyzed the data of
Reilly and co-workers' in terms of the differential growth rate (1/M .
AM/At), where M = organ mass, over the period three to five weeks.
Results are given in Table 4. A parallelism between the liver and spleen
is apparent.
TABLE 4. VALUES OF THE DIFFERENTIAL GROWTH RATE - -,
M At
WHERE M = ORGAN MASS, DURING THE PERIOD THREE TO FIVE WEEKS,
FOR ORGANS IN CONTROL AND ESTROGEN-TREATED MIcE*; ALSO, THE RATIO OF
THE DIFFERENTIAL GROWTH RATES OF CONTROL AND ESTROGEN-TREATED MICE.
Differential growth rate
Body Spleen Liver Thymus
Control 0.82 0.99 1.00 0.60
Estrogen-treated 0.55 0.48 0.45 0.71
Ratio of
control 0 1.5 2.1 2.2 0.85
Estrogen-treated J
* The value of M used was the arithmetic mean of the values at three and five weeks.
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SPLENIC WEIGHT ESTIMATES IN VIVO
While analyses of splenic growth, based on actually weighing the organ,
are of use in obtaining descriptive expressions, they cannot be directly
applied during life. Techniques must thus be sought for estimating splenic
volume or weight in zivo. This laboratory has pointed out that roentgeno-
grams or radioisotopic scans depict an apparent cross sectional area of an
organ.' Such an area (A) has the units of a dimension squared. In the
simplest case, the area would be dimensionally related to the volume (V)
of the organ by:
V = m.A3/2 (5)
Upon taking logarithms:
log V log m + 3/2 log A (6)
The prediction is that a logarithmic plot of organ volumes (or of weight,
if the density is constant) should be a linear function of the logarithm of
the apparent cross sectional area. This has been noted to be a reasonable
first approach,7 based on splenic areas as determined from radioisotopic
scans (using 51Cr-denatured erythrocytes) by Holzbach and co-workers,8
and as calculated from the product of splenic length and width as esti-
mated from abdominal roentgenograms by Whitley and associates.9 Careful
studies are still required as to the possible use of such apparent scan or
roentgenographic areas in following splenic growth, hypertrophy, or involu-
tion. The advantage of such an approach, of course, is that it allows splenic
size to be followed during life. In small animals, Desai and Scheff have
noted that intraperitoneal carbon dioxide can be employed to more clearly
delineate the spleen radiographically.'0 Thus, measurement of spleen size
during life might be possible even in smaller species. Finally, such studies
on splenic size can be combined with estimates of splenic activity to yield
"functional indices" (activity/weight).'
SUMMARY
Radioisotopic and roentgenographic techniques have begun to provide
estimates of splenic size during life. To introduce a framework for inter-
preting such data, an analysis was made of splenic growth. The allometric
equation had been known to yield an adequate description of normal splenic
weight (in terms of body weight) in a number of mammals and primates.
This equation also gave a reasonable fit to splenic size in the human male,
and in a limited series of birds, fishes, and reptiles. The constants in the
allometric equation were evaluated for a series of control mice, and in those
with estradiol-induced wasting. In the latter, the growth curve was noted
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to be markedly altered. The "weight excess" concept and the differential
growth rate were employed to examine the spleen, liver, and thymus in
estrogen-treated mice. Initial quantitative expressions are thus available
for following the size of the normal and abnormal spleen. When data
gathered by the nondestructive radioisotopic and roentgenographic tech-
niques areadapted to such quantitative expressions, a means may be present
for meaningfully following changes in splenic size during life.
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